Autonomous Vehicles (AVs) have the potential to make motorized transport safer and more sustainable, by integrating clean technologies and supporting flexible shared-mobility services. Leveraging this new form of transport to transform mobility in cities will depend fundamentally on public acceptance of AVs, and the ways in which individuals choose to use them, to meet their daily travel needs. Empirical studies exploring public attitudes towards automated driving technologies and interest in AVs have emerged in the last few years. However, within this strand of research there is a paucity of theory-driven and behaviourally consistent methodologies to unpack the determinants of user adoption decisions with respect to AVs. In this paper, we seek to fill this gap, by advancing and testing four conceptual frameworks which could be deployed to capture the range of possible behavioural influences on individuals' AV adoption decisions. The frameworks integrate socio-demographic variables and relevant latent behavioural factors, including perceived benefits and perceived ease of use of AVs, public fears and anxieties regarding AVs, subjective norm, perceived behavioural control, and attitudinal factors covering the environment, technology, collaborative consumption, public transit and car ownership. We demonstrate the utility and validity of the frameworks, by translating the latent variables into indicator items in a structured questionnaire, and administering it online to a random sample of adult individuals (n = 507). Using the survey data in confirmatory factor analyses, we specify and demonstrate scale reliability of indicator items, and convergent and discriminant validity of relationships among latent variables. Ultimately, we advance four measurement models. These theory-grounded measurement models are intended for application in research aimed at understanding and predicting (a) AV interest and adoption intentions, and (b) user adoption decisions regarding three different AV modes: ownership, sharing and public transport.
Introduction
With the rapid advancement in vehicle automation technology, driverless cars are becoming operational in a number of countries (Duarte and Ratti, 2018; Gandia et al., 2019; Karvonen et al., 2018) . Fully-autonomous Vehicles (FAVs) and Connected Autonomous Vehicles (CAVs) are expected to assume safety-critical control functions efficiently, either within a prescribed operation domain (i.e. Level-4 automation) or in a real-life environment under normal road conditions (i.e. Level-5 automation) (NHTSA, 2013) . Autonomous transport will substantially reshape motorized transportation in cities. By replacing the human driver with advanced sensing and communication technology, FAVs can potentially reduce crashes and fatalities (Fagnant and Kockelman, 2015; Hashimoto et al., 2016) and increase accessibility levels in cities (Milakis et al., 2017) . Deployed through shared-mobility schemes, AVs could also meet the travel needs of users, whilst contributing to the reduction of the negative travel-induced impacts on land use, energy use, traffic, biodiversity and public health (Chan, 2017; Sivak and Schoettle, 2015; Zhang et al., 2017; Crayton et al., 2017) .
Ultimately, the extent of the potential changes triggered by autonomous transport, is directly linked to public acceptance, and the ways in which people choose to use the technology to meet their travel needs. Public acceptance and adoption of AVs relate and depend upon a complex network made of heterogeneous potential users who possess different attitudes, perceptions, motivations, preferences, socio-demographic attributes and mobility needs. Moreover, individuals act within much broader socio-cultural, economic and political contexts and, as a result, their adoption decisions with respect to AVs, is strongly linked to wider socioeconomic forces (Malikis et al., 2017) .
Approaching user acceptance and diffusion of autonomous transport services through this perspective, shows that the study of the behavioural determinants of AV adoption decisions, is a complex and multi-faceted research theme. Therefore, an interdisciplinary methodology is needed to interrogate the wide range of factors that influence adoption decisions. However, the emerging literature on the topic is largely based on narrow methodologies which, despite their scientific contribution, do not fully capture the complexity of the matter. Previous studies (see e.g. Woldeamanuel and Nguyen, 2018; Sanbonmatsu et al., 2018; Daziano et al, 2017; Haboucha et al., 2017; Nair et al., 2017; Bansal et al., 2016; Lavieri et al., 2017; Bansal and Kockelman, 2017; Lavasani et al., 2016; Kyriakidis, et al., 2015; Adnan et al., 2018; Umberger, 2016) have attempted to examine public opinions and to forecast long-term adoption of autonomous mobility technologies, by focusing largely on the financial attributes of driverless technologies, and/or accounting for a limited number of attitudinal factors, such as public safety and privacy concerns and confidence in driverless technologies. Another strand of AV research has sought to estimate optimal vehicle fleet-size on dynamic AV ridesharing systems (Fagmant and Kockelman, 2015) , potential effect of AVs on users' daily activities (Pudāne et al., 2018) , as well as to assess the land use and environmental impacts of various driverless cars adoption and diffusion scenarios (e.g. Fagmant and Kockelman, 2015; Zhang et al., 2015 Zhang et al., , 2017 Wadud et al., 2016) . Overall, we argue that the interrelationships among the several socio-economic, cultural and psychological factors that can influence user adoption behaviour for different AV options, have so far not been given adequate attention in academic literature.
Understanding and predicting user adoption behaviour and diffusion of AVs require a theorygrounded, behaviourally realistic conceptual framework capturing the multiple facets of the phenomenon. An equally important requirement is a robust statistical methodology that allows to specify, validate and quantify a set of hypothesized relationships among latent behavioural concepts derived from the conceptual framework. This paper aims to fill this gap, by assembling and testing four comprehensive conceptual frameworks that can be applied to unpack the possible behavioural influences on user adoption and diffusion of autonomous mobility services. To this end, we synthesize the principles of and the insights from sociopsychological and socio-ecological theories of human behaviour under volitional control and previous models of technology adoption and diffusion, to advance interdisciplinary conceptual frameworks to study adoption of AVs. We also tap into the emerging ethos of collaborative consumption, and integrate in the proposed frameworks environmental sustainability considerations in travel mode choice at the individual level.
Moreover, we identify the key elements of the proposed frameworks, outline the corresponding indicators of latent variables, and translate them into a structured questionnaire. Next, the questionnaire is administered online to a random sample population of 507 adult individuals. We test the overall scale and sub-scale reliabilities and internal consistencies of the indicator items. Ultimately, we develop and advance four measurement models designed for research aimed at understanding and predicting (a) AV interest and adoption intentions, and (b) user adoption decisions regarding three different AV modes: ownership, sharing and public transport.
The rest of the paper is structured as follows. In section two, we review and synthesize existing theories and models of user adoption behaviour. Building on this synthesis, in section three we advance four interrelated conceptual frameworks for the study of the adoption of self-driving cars. In section four, we discuss the methodology, explaining key aspects of questionnaire design, data collection and statistical modelling techniques. In section five, we present the results of the statistical modelling and propose four related measurement models. Finally, we conclude the paper by discussing the main findings and their implications for future research on autonomous cars.
Synthesizing existing theories and models of user adoption

Socio-psychological and Socio-ecological models of behaviour under volitional control
Theories from social-psychology and social-ecology have provided robust frameworks to understand the influence of multiple factors on different types of behaviours under volitional control. The Theory of Planned Behaviour (TPB) (Ajzen, 1991) and the Socio-Ecological Model of behaviour (McLeroy et al., 1988) , although originally intended for application in healthrelated behaviours, have proved useful in understanding the influence of individual-level attitudinal factors, and external social and physical environment factors on travel behaviours, including conventional motorized and active travel choices (see e.g. Kroesen and Chorus, 2018; Sigurdardottir et al., 2013; Bamberg et al., 2003; Haustein and Hunecke, 2007) .
TPB posits that intentions precede behaviour and that behavioural intentions are proximally linked to three key latent concepts, namely attitude toward the behaviour, perceived behavioural control (PBC) and subjective norm (SN)-see figure 1a. Attitudes reflect an individual's expectation of the outcomes of an activity, and the personal values that are attached to them (Ajzen, 1991; Sutton et al., 2003) . Attitude could be affective (i.e. a person's feelings or emotions about the attitude object e.g. fear, fun or hate) or instrumental (i.e. cognitive consideration of the extent to which performing a behaviour would be beneficial or advantageous) (French et al., 2005; Armitage and Conner, 2001; Sun et al., 2015) . PBC reflects an individual's perception of the ease or difficulty of performing a behaviour of interest, such as using new technologies. SN, the last determinant of behaviour in TPB, refers to the norms held by society or a group of people, which influence and regulate behaviour, by functioning as informal social controls (Eves et al., 2003) .
While TPB aggregates factors intrinsic to the individual, the socio-ecological perspective (see figure 1b) attempts to capture the interrelationships between individuals and their external environments (Sallis et al., 2008) . In a typical socio-ecological model applied to travel-related choices, personal factors include socio-demographic characteristics and an individual's knowledge, attitudes and perceptions (see e.g. Acheampong and Siiba, 2018; Elder et al., 2007; Badland et al., 2013; Sigurdardottir et al., 2013) . The social environment component would reflect interpersonal processes and primary groups, such as formal and informal social network and social support systems (McLeroy et al., 1988) , and the influence of significant others including family, work colleagues and friends, as posited in Ajzen's TPB. The physical environment component is intended to capture, for example, the effect of urban structural variables, such as density, destination accessibility and diversity of land uses (see e.g. Naess, 2015; Ewing and Cervero, 2010) , on transport mode choice. Finally, from the socio-ecological perspective we could examine the influence of wider public policies on individuals' travel choices. Such policies may include infrastructure-related investments, public awareness campaigns aimed at changing negative perceptions and attitudes, and incentive-based policy instruments (e.g. subsidies and lower insurance premiums) to promote desired travel choices in the population. 
Models of technology acceptance and diffusion
The Technology Acceptance Model (TAM) (Davis et al., 1989) and Technology Diffusion Theory (TDT) (Rogers, 1962 (Rogers, , 2000 have provided robust frameworks for understanding user acceptance for new ICT-enabled systems and products in the past. These theoretical frameworks make it possible to identify the heterogeneity in the preferences that underpin adoption decisions, as a function of the interaction between the unique attributes of the technological innovation at play (e.g. driverless cars) and the characteristics of the decisionmakers. The diffusion theory of Rogers is also particularly useful in accounting for the temporal dynamics in individuals' adoption behaviour: an important aspect of the choice process which is required to estimate the diffusion of new innovations such as AVs.
In TAM, two main belief variables determine user acceptance. These are Perceived Usefulness (PU) and Perceived Ease of Use (PEU) of the technology. PU reflects an individual's belief of the extent to which adopting a new technology will enhance the performance of specific tasks or activities. PEU refers to an individual's belief about the extent to which interacting with the new technology will be free of effort. PEU therefore captures the individual's belief regarding (a) the amount of physical and/or mental effort which would be required to use the technology, (b) their ability to get the technology to do what they want it to do, and (c) the general level of clarity and understanding of the use of the technology (Venkatesh and Davis, 2000; Venkatesh et al., 2003) . PEU is hypothesized to have direct influence on PU, implying that the usefulness of a new technology depends on its ease of use. Venkatesh and Davis (2000) extended the original TAM model, by including additional theoretical concepts. They include subjective norm from TPB, in order to capture the influence of significant others on individuals' adoption decisions. Moreover, they introduce two latent concepts, voluntariness and internalization, as mediators of the effect of subjective norm on technology adoption decisions (see Fig 2) .They define the former as the 'extent to which potential adopters [of technology] perceive the adoption decision to be nonmandatory', and the latter as 'the process by which when one perceives that an important referent thinks one should use a system [or technology], one incorporates the referent's belief into one's own belief structure' (Venkatesh and Davis, 2000 p188) . Rogers' theory of technology offers a typology of would-be users who make adoption decisions over different time horizons. Five categories of adopters are identified: innovators, early adopters, early majority, late majority and laggards. Innovators tend to be, for example, tech-savvy individuals who adopt new products and services faster than anyone else in the population (Rogers, 2000; Urban & von Hippel, 1988) . Laggards, on the other hand, are the last in the population to adopt an innovation. They tend to have limited financial resources, implying that although they are often perceived as barriers to innovation adoption and diffusion, they consider their resistance to innovation to be the most rational decision to make, in the face of uncertainty (Rogers, 1995) . In addition to providing a typology of adopters, Rogers' innovation diffusion theory incorporates six innovation characteristics that influence adoption decisions: relative advantage, status aspects of innovations, compatibility, complexity and trialability. Moore and Benbasat (1991) developed a unified framework of technology adoption and diffusion called Perceived Characteristics of Innovating (PCI) Belief, by merging elements borrowed from TAM and TDT. PCI maintains three of Rogers' attributes of innovation (relative advantage, compatibility and trialability) and proposes four additional attributes, namely image, visibility, result demonstrability and voluntariness, as determinants of innovation adoption. Plouffe et al., (2001) tested the performance of the PCI belief and TAM frameworks in Smart Card technology adoption. They concluded that PCI variables capture substantially more variance in the adoption of Smart Card technology, than TAM variables.
Collaborative consumption, shared-mobility and environmental sustainability
Shared-mobility models, such as car-sharing services, are closely linked to a much wider movement of anti-consumerism that has come to be known under the umbrella term of collaborative consumption. In Bostman and Rogers' (2010) typology of collaborative consumption systems, car-sharing is identified as a Product Service System: the type of collaborative consumption service which enables people to pay for the benefits of products owned by a company without needing to own the products outright. There is growing consensus among experts that deploying driverless cars through shared-mobility services, has the potential of having positive environmental externalities (Schonberger and Gutmann 2013; Litman, 2017; Sivak and Schoettle, 2015) . Therefore, the behavioural influences of this emerging consumption trend and its implications for lifestyle adjustments and prevailing cultural values, ought to be examined in studies of user adoption and diffusion of AVs.
Collaborative consumption motivations and barriers have been examined in different consumption contexts, including car-sharing (Bardhi and Echardt, 2012; Hamari et al., 2016) and urban food-sharing systems (Davies et al., 2017) . The economic benefits of making and or saving money, trust among participants, highly educated and higher income demographics; reputation, enjoyment and freedom of choice have been established as some of the main determinants of collaborative consumption. The actual impact that environmental concerns have on sharing practise, is uneven. In some studies, it appears that for some participants, sustainability concerns are often of secondary importance (see Barnes and Mattsson, 2016) , or emerge as unintended consequences of sharing (Botsman and Rogers, 2010) . However, other studies have shown that sharing practices are often employed by individuals, to articulate and promote values which are deeply seated in concerns for environmental issues, such as over-consumption and food and energy waste (Gansky, 2010) . In the latter case, ecological and social sustainability motives tend to be some of the key determinants of collaborative consumption (Mont, 2004; Hamari et al., 2016) .
In the section that follows, we draw on the theoretical concepts and models discussed above to advance four interconnected conceptual frameworks. In each framework, we (a) indicate a specific aspect of the AV user adoption behaviour question that is being addressed, (b) identify the relevant latent behavioural variables and (c) specify pairs of hypothesized relationships to be tested empirically.
Developing conceptual frameworks
In this section, building upon the insights discussed above, we conceptualize AV adoption decisions as being at the intersection of four main mutually linked behaviour-influencing forces, operating at the individual and societal levels. These are human choice under volitional control; technological innovation and attributes of the technology; prevailing consumption ethos and practices in transportation such as shared-mobility, and environmental sustainability considerations in transportation. Using these concepts and theories, we propose four conceptual models, each of which is intended to address a specific aspect of the AV user adoption behaviour question. The first conceptual model (CM-1), is our starting framework which is meant to be deployed in cases where the research objective is to understand and predict the behavioural determinants of general interest and adoption intentions regarding driverless vehicles. The remaining three conceptual models addresses adoption behaviour for different AV modes, namely AV-sharing (CM-2), AV-public transport services (CM-3), and AV ownership (CM-4).
Given the multiplicity of factors involved in understanding the aforementioned aspects of user adoption as well as the several possible theoretical relationships among them that we will later test empirically, we envisage that the proposed conceptual models would be deployed using Structural Equation Modelling (SEM). Consequently, following the structure of SEMs, each of our conceptual models is divided into two parts: Part I is the measurement model, comprising the relevant behavioural concepts and the hypothesized relationships among them, while Part II consists of the structural model or outcome variables, which in the context of this paper, refers to the four aspects of the AV user adoption question outlined above. Below, we explain the conceptual models, outlining the relevant theoretical concepts and the hypothesized relationships among them.
In the basic conceptual model (i.e. CM-1), we identify seven latent behavioural antecedents to AV adoption behaviour (see Fig 3) . From the existing models of technology adoption and diffusion, we include individuals' perception of the benefits of AVs, perception of ease of use of AVs and their general attitude towards technology and innovation. Following insights from TPB and technology acceptance models, subjective norm and image are included in our model to reflect the possible influences of external social factors on AV adoption. We also include perceived behavioural control to capture the extent to which individuals believe they have control over whether or not they will use AVs. Finally, we include perceived fears and anxieties as a latent variable to reflect the safety and security implications of AVs from the point of view of would-be users. Eleven sets of hypothesized relationships are depicted in the framework (see Part I of Fig 3) . Nine of these are hypothesized associations (indicated by double-headed arrows) for which correlation and covariance estimates would be computed based on empirical data, using Confirmatory Factor Analysis. The remaining three are hypothesized direct effects, for which regression co-efficients will be computed. For example, following the findings of initial exploratory research on the topic (see e.g. Woldeamanuel and Nguyen, 2018; Sanbonmatsu et al., 2018) , we hypothesize that there would be an association between attitude towards technology and individuals' perceptions of potential advantages and disadvantages of AVs. In addition to maintaining that subjective norm will have a direct influence on perceived benefits as originally posited in the innovation diffusion and acceptance models, we further hypothesize that in the context of AV-adoption behaviour, subjective norm will also influence perception of ease of use. The underlying assumption is that more individuals would come to believe that AVs are easy to use as they observe others, including relatives, friends and colleagues employ new technology. The reverse is also plausible. Finally, we include socio-demographic factors to capture the possible effects of variables such as age, gender, education and income. While we expect that sociodemographic factors would be relevant, we also acknowledge that the possible effect relationships among these factors and the latent behavioural variables represented in the framework could be many. We therefore reserve showing specific effect relationships among these variables to the point where we specify our measurement models. Building on the basic conceptual model discussed above, we propose three additional frameworks which are intended to address user adoption behaviour with respect to specific AV modes. Fig 4 shows the conceptual model for understanding and predicting adoption of AV-sharing services (i.e. CM-2). In the measurement model component of the framework, nine latent variables are identified. Given that the focus here is on sharing, it is relevant that we capture individuals' general attitudes towards collaborative consumption. Moreover, travel mode choices have environmental sustainability implications, and car-sharing in particular is expected, among other things, to reduce car ownership and the associated negative impacts on the environment. This implies that individuals' attitude towards the environment would be relevant in understanding whether or not they would want to use carsharing services provided by AVs. Indeed, as the literature review has shown, for some individuals, environmental sustainability persuasions tend to underpin their decision to participate in collaborative consumption models, including car-sharing. In the context of AV acceptance, in particular, an initial exploratory study by Wu et al (2019) , suggests that environmental concern have a positive relationship with individuals' intention to use electric driverless cars. In view of this, we introduce two new latent variables, namely attitude towards the environment and attitude towards collaborative consumption in CM-2, in addition to the seven latent variables presented in CM-1. In CM-2, a total of 14 relationships, comprising 12 sets of hypothesized associations and two direct effect relationships are represented in what would later be specified as the measurement model (see Fig 4) . AVs will essentially serve the travel needs that conventional vehicles are currently serving. We therefore expect that the utility derived from existing travel modes such as car ownership/use and public transport, and how these reflect the perceptions of their benefits and disadvantages, would still be relevant irrespective of the technology. In view of this, in the third conceptual model (i.e. CM-3), which is intended for application to understand AV adoption through public transport services, we include individuals' attitude towards public transit (see Fig 5) . Similarly, in the fourth conceptual model (i.e. CM-4) which is intended for application to understand AV adoption through ownership, we expect that individuals' attitude towards car ownership/use would be relevant (see Fig 6) . In both CM-3 and CM-4, a total of 14 relationships, comprising 12 sets of hypothesized associations and two of direct effect relationships are represented. As mentioned in the introduction, the primary objectives of this paper are to assemble theorygrounded conceptual frameworks, and to test whether or not the hypothesized relationships among latent variables represented in Part-I of the conceptual models are indeed supported by empirical data. In the next section, we present the methodology employed to realize the latter objective, which involved questionnaire design, data collection and statistical modelling techniques.
Methodology
Questionnaire design
In deploying the conceptual models presented in the previous section, we identified relevant indicator items for each of the latent behavioural variables represented in the frameworks. The indicator items were then formulated to elicit responses from participants of the study on a 7-point Likert Scale. The precise wording of the questionnaire items and corresponding Likert Scale labels are presented later in section 5.
The survey elicited basic background socio-demographic information, including age, gender, income levels of educational attainment from the respondents. The response items in the questionnaire, which reflect the behavioural concepts we deployed, were presented to the respondents in themes, in accordance with the latent variables identified in the conceptual models. Preambles explaining to our respondents the meanings of key concepts and providing clear instructions to assist them in filling the survey, were provided in relevant sections of the questionnaire. For example, we explained the concept of autonomous/driverless cars as: "a new technology that will enable cars, using advance sensing and communication technology, to take over safety-critical control functions. Fully-autonomous vehicles are expected to be able to drive under all road conditions without a human driver". Following this definition, all the response items covering perceived benefits and ease of use of AVs, perceived safety risks, subjective norm, image and perceived behavioural control, were presented to be evaluated by the respondents on a 7-point Likert Scale. The response items for perceived benefits and safety risks of AVs were adapted largely from initial exploratory surveys presented in Bansaal et al., (2016) and Litman (2017) .
Another key concept in the survey that needed explaining to the respondents was the concept of collaborative consumption. This was explained to them as "a form of consumption where you don't have to own an asset or product. Instead, you and others in your community can book and use the product only when you need to do so. After using it, the product(s) must be returned for others to use". We followed this broad definition with specific examples of products/assets and services that fall under collaborative consumption or sharing, including bike-sharing, car-sharing, peer-to-peer accommodation-sharing, food-sharing, and garden sharing. The response items included in the questionnaire to capture people's attitude towards collaborative consumption were adapted from the work of Hamari and Colleagues (2016) .
Finally, response items covering relevant attitudinal variables represented in the conceptual models, namely attitude towards technology, the environment, car ownership and public transit, were also included in the survey. The environmental attitudes sub-scale items presented to the respondents were adapted from the Environmental Attitudes Inventory (EAI) framework developed by Milfont and Duckitt (2010) .
Data Collection
The data collection involved a two-step survey process. Firstly, we administered a pilot survey online to a convenience sample of 50 adult individuals. The purpose of this survey was twofold. First, the pilot survey allowed us to test the clarity of the questionnaire items, and to obtain a reasonable number of indicators items based on feedback we received from the respondents. Using the results of the pilot survey, we assessed the overall scale and sub-scale consistency and reliability of the questionnaire items by computing Cronbach's Alpha reliability coefficient. By assessing the relative contributions of each response item to overall and sub-scale reliabilities, we were able to eliminate the items that reduced reliability measures. Following this methodology, we reduced the 99 response items in the pilot survey questionnaire to 54 items in the final survey questionnaire that was ultimately administered to a random sample of respondents.
We administered the finalized survey questionnaire to a random sample population of adults living in the Greater Dublin Area of the Republic of Ireland. The survey was distributed via a combination of outlets, including printed leaflets with scannable QR-codes and questionnaire URL distributed by field assistants; emails sent to students and staff of all major universities in Dublin; and links shared on social media networks including Twitter and Facebook. The survey attracted a total of 507 respondents.
Specification and validation of measurement models
Since our objective is to test whether or not the hypothesized relationships in Part-I of the four conceptual models presented in section 3 are supported by the survey data, we specified four measurement models using Confirmatory Factor Analysis (CFA). We evaluate model fit to ascertain the extent to which each of the hypothetical model's relationships are supported by the data, using model identification indices including: the Chi-square statistic (χ 2 ) and Normed Chi-square (χ 2 /df); Normed Fit Index (NFI); Comparative Fit Index (CFI); Tucker-Lewis Index (TLI); Incremental fit index (IFI); and Root Mean Square Error of Approximation (RMSEA). NFI, CFI, TLI and IFI values ≥ 0.90 indicate acceptable model fit, while RMSEA value of 0.01, 0.05, and 0.08 indicate excellent, good, and mediocre fit, respectively (see Kline, 2015) .
We further test overall scale and sub-scale item reliability and consistency by computing Cronbach's Alpha reliability coefficient ().The coefficient ranges between 0 and 1, and the closer it is to 1, the greater the internal consistency of the items in the scale (Gliem and Gliem, 2003) . We establish convergent validity by examining factor loadings for the indicators of each of the latent variables, and by computing the Average Variance Explained (AVE)-the amount of variance that a latent variable explains in its indicator variables relative to the overall variance of its indicators. The minimum acceptable factor loadings is 0.5 (Hair et al., 2006) while convergent validity is established if AVE > 0.5 (Henseler et al., 2015) . To establish discriminant validity, we calculate Maximum Shared Variance (MSV) by squaring the correlations of any two related latent variables. Discriminant validity is achieved where MSV < AVE of any set of correlated latent variables (see Henseler et al., 2015; CamPerceivedbenefits-composite ll and Fiske, 1959) . The CFA analyses were performed using AMOS 21 software in SPSS.
Results
Background characteristics of respondents
Summary statistics on the socio-demographic and current travel characteristics of the study respondents are presented in Table 1 . Females constituted 57% of the sample while 2% of the sample preferred not to indicate their gender. The survey respondents were aged between 18 and 82 years, with the average age being 33 years (SD = 15.350), compared to the average age of 37 years in the Republic of Ireland. In terms of age-groups, the proportion of the study respondents who fall within the age categories of 25-44 years (28%) and 45-64 years (26%) closely mirrors the national-level distribution of 29% and 24% respectively. In our sample, however, there are more younger people aged between 18 and 24 years (43%) and fewer people aged 65 years and above (3%) than in the national population.
The data on work/school travel mode choice shows that whereas nearly half (49%) of the respondents use public transport, 22% and 29% use the private car and non-motorized modes of transport (i.e. bicycling and walking), respectively. Whereas less than 1% of the respondents currently use car-sharing services as their main work/school travel mode, a good number of them (47%) indicated that they have participated in other collaborative consumption schemes, such as bike-sharing, food-sharing, accommodation-sharing and peerto-peer music sharing. Nearly a quarter of the total sample indicated that they were registered with and actively participated in one or more of the aforementioned collaborative consumption schemes. 
Specification of a measurement model based on the basic conceptual model of AV user adoption behaviour (CM-1)
The first measurement model, hereafter referred to as measurement model-1, is based on the basic conceptual model of AV user adoption behaviour (CM-1) presented earlier in section 3 (see Fig 3) . As previously stated, while CM-1 is intended for application in studies seeking to understand and predict the behavioural determinants of AV adoption intentions, the objective in the current paper is to test whether or not the empirical data supports the pairs of hypothesized relationships represented in the measurement model part of the framework (see Fig 3) .
Descriptive summary of the survey data used in the CFA in measurement model-1, grouped as latent variables and their corresponding indicator items, is presented in Table 2 . Cronbach's Alpha reliability coefficients indicate very good internal consistency and reliability of the overall item scale and sub-scales. Results of the survey show that affective attitude towards AVs is generally positive, as the majority of the respondents agree that driverless cars are generally a good idea (57%) and that they are excited about the prospects of fully automated driving (72%). Response items evaluated by the survey respondents regarding the potential benefits of AVs reflect both their expected instrumental utility of commuting in an AV and the benefits of being able to perform additional on-board activities as AVs take over all safety-critical control functions from the human driver. Between 42% and 58% of the respondents agree that the potential utilitarian benefits of automated driving, including AVs reducing crashes and saving lives, providing reliable, flexible and comfortable travel, and reducing traffic congestion and environmental pollution, are likely. Similarly, more than half of the respondents are of the view that AVs would enable them to spend their travel times performing both recreational and productive activities. Regarding the perception of ease of use of AVs, we found that more individuals disagree that they would find it easy to use AVs (41%) than those who agree (32%) (See Table  2 ).
Public fears and concerns regarding AVs elicited through the survery are grouped under two broad categories. The first category reflect fears in relation to the potential risks associated with AVs interacting with other road users such as motorists, cyclists and pedestrains. The second category captures fears and anxieties that relate to the possibility of failure of automated systems of the vehicle through, for example, sudden techincal glitches in software or hardware or unathorised persons getting control by hacking into the vehicle's computer systems. Results of the survey show that between 64% and 71% of the survey respondents indicated either being worried or very worried about all the six potential safety and security risk factors associated with AVs that were presented to them.
Moreover, with respect to the possible influence of external social factors on AV adoption from the respondents' point of view, we found that more than half of the respondents (i.e. 56%) agree that AVs would become a diffused mode of transport and hence the norm on our roads in the near future. Opinions were, however, divided regarding the potential influence that significant others such friends and colleagues using AVs would have on the adoption decisions of the survey respondents. About 37% of our respondents agree that they would use driverless cars if their friends and colleagues did same, 26% were indifferent while the remaining 37% disagree. Also, more than half of the respondents (i.e. 53%) agree that they would gain respect and recognition either from their friends and colleagues or in their community by using self-driving cars.
The last latent variable represented in measurement model-1 is individuals' attitude towards technology. From the survey, we found that the majority of the respondents agree that technological advancement is generally a positive thing (83%) and that they are excited about the possibilities offered by new technologies (80%). However, about 44% expressed scepticism about the notion that such advances would lead to a better future. Also, nearly half of the respondents agreed that advances in technology could result in job losses as automated systems replace humans in certain types of work.
The path-diagram of measurement model-1 (see Fig 7, appendix 1) shows the seven latent variables, their indicator items outlined above, and hypothesized relationships among them. We specify a higher order CFA in which overall Perceived Benefits of AVs (i.e. perceivedbenefits-composite) is represented as a function of three first-level latent variables. These are individuals' Affective Attitude towards AVs; perceived benefits that reflect the expected instrumental utility of commuting in an AV (i.e. perceived-benefits-1) and benefits that reflect the additional on-board activities that automated driving would enable commuters to perform (perceived-benefits-1). Covariance and correlations estimates for hypothesized associations, as well as regression weights for hypothesized direct effect relationships among latent variables in measurement model-1 are presented in Table 3 .
The following pairs of hypothesized relationships are confirmed in measurement model-1:
 Public fears and anxiety regarding automating driving correlate positively with perceived benefits of AVs. This suggests that while genuine concerns exist in the population regarding AV system performance and AVs' interaction with other road users, these do not necessarily diminish perceived benefits of AVs;  Subjective norm (SN) and Image-belief that AV usage could be associated with enhanced reputation among colleagues and in one's community are positively correlated;  Expectedly, more favourable attitudes towards technology (i.e. technology-attitude-1) correlate negatively with expression of scepticism and negative attitudes towards technology (i.e. technology-attitude-2);
 Pro-technology attitude also correlates positively with public fears and anxieties regarding automating driving, while the reverse is true between unfavourable attitude towards technology and public fears around AVs;  There is a positive association between favourable attitudes towards technology in general and perception of the benefits of AVs in particular, while unfavourable attitudes with respect to the former correlate negatively with the latter;  A negative association exists between unfavourable attitudes towards technology in general and perception of the benefits of AVs in particular;  Subjective norm and public fears and anxiety regarding AVs are positively correlated.
This suggests that respondents' belief that AVs will become the norm on public roads, and their desire to also use the technology as they see significant others do same, potentially attenuate their worries and concerns with respect to automating driving;  Perceived behavioural control with respect to AV use and pro-technology attitudes are positively correlated.  There is a positive association between perceived behavioural control with respect to AV use and subjective norm  Education and pro-technology attitudes are positively correlated. This suggests that pro-technology attitudes increase among individuals with higher levels of educational attainment.  Gender correlates negatively with overall perceived benefits of AVs (i.e. perceivedbenefits-composite). A cross-tabulation analysis of the survey data revealed that more females than males disagreed with all the response items we used to elicit their perception of the potential benefits of AVs. This suggests that perceived benefits of AVs decrease among females.  Gender and negative attitude towards technology are positively correlated, suggesting that females are more likely to express scepticism about the overall benefits to society of technological advancement.  Gender correlates negatively with both subjective norm and Image. This finding suggests that more females than males are less likely to agree that AVs becoming the norm, seeing significant others use AVs, and the reputational benefits of using AVs would influence their own adoption decisions.  Gender and public fears and anxiety are negatively correlated. From the results of the survey, we identify that more females than males did agree that AVs could have potential negative safety and security impacts.  Subjective norm directly predicts first-level indicators of perceived benefits of AVs (i.e.
perceived-benefits-1 and perceived-benefits-1), and perceived ease of use (PEU) of automated driving technology;  Individuals' perception of ease of use of driverless vehicles directly predicts affective attitude towards AVs and the other two measures of perceived benefits of AVs (i.e. perceived-benefits-1 and perceived-benefits-2).
 Education predicts perceived ease of use, suggesting that as levels of education increases from basic level towards tertiary qualifications, individuals' belief that AVs would be easy to use increases.  Education has a positive predictive effect on perceived-benefits of AVs (i.e.
perceived-benefits-1)  Age has a negative predictive effect on perceived-benefits of AVs (i.e. perceivedbenefits-2). This finding suggests that the expected benefits in the form of travel time use while in recreational and/or productive activities, decrease among older population. 047 Notes: ß = Unstandardized regression estimates; b = standardized regression estimates; SE = standard error; CR = critical ratio; P = p-value; *** P-value < 0.01
Specification of a measurement model based on the conceptual model of AVsharing adoption behaviour (CM-2)
In the second measurement model, we test the pairs of hypothesized relationships specified in the conceptual model of AV-sharing adoption behaviour (CM-2). Measurement model-2 builds on measurement model-1. It therefore includes all the latent variables in measurement model-1, plus two latent variables measuring attitudes towards the environment and attitude towards collaborative consumption/sharing. As shown in Fig 8 and Fig 9, the majority of survey respondents indicated positive attitude towards collaborative consumption and the environment. For example, more than 70% of the respondents agreed that collaborative consumption is a positive thing and that participating in sharing schemes would bring about monetary and environmental sustainability benefits. Table 4 presents a summary of the corresponding covariance and correlations estimates for hypothesized associations, as well as regression weights for hypothesized direct effect relationships among variables in the model. We confirm the following additional pairs of relationships among latent variables:
 Attitude towards collaborative consumption, which reflects expectations of the outcomes of participating in access-based/sharing consumption models such as carsharing, correlate positively with pro-environmental attitudes;  Pro-technology attitude also correlates positively with attitude towards participation in technology-mediated access-based/sharing consumption models such as carsharing;  Results of the model shows a positive association between pro-environmental attitudes and pro-technology attitudes;  The composite measure of perceived benefits of AVs (i.e. perceived-benefits-1 + perceived-benefits-2) correlates positively with pro-environmental attitudes.  Education and pro-environmental attitudes are positively correlated. This suggests that as individuals' levels of educational attainment increase from basic level towards tertiary qualifications, positive attitudes towards the environment increase.  Positive association exists between pro-environmental attitude and gender. From the survey data, we found that more females than males agreed with each of response items measuring their attitudes towards the environment.
 Education and collaborative consumption attitudes are positively correlated.
 There is a positive association between collaborative consumption attitudes and gender. From the survey data, we found that more females than males agreed that participating in collaborative consumption would yield positive benefits.
 Finally, age and collaborative consumption attitudes are negatively correlated, suggesting that younger individuals are more likely to agree that participating in collaborative consumption would bring positive benefits, while older people do not expect similar outcomes. 
Specification of a measurement model based on the conceptual model of AVpublic transport adoption behaviour (CM-3)
As automated driving technology advances, researchers may be interested in knowing whether or not the public would use public transit services provided by AVs and the underlying behavioural factors. Measurement model-3, which is based on the conceptual model of AV-public transport adoption behaviour (CM-3) tests the relationships among the latent variables which would be relevant in such research applications. As indicated previously, individuals' attitude towards public transit in general would influence whether or not they use public transport services provided by AVs. Consequently, we include in this model, a latent variable measuring attitudes towards public transit (see Fig 11) , in addition to the relevant variables already captured in measurement model-1 and measurement model-2. In the path diagram (see Fig 12, appendix 1) , public transit attitude is represented as a composite, higher-order variable derived from two first-level latent variables. These are public-transit-atttiude-1 and public-transit-attitude-2, which reflect environmental benefits of mass transit and the instrumental utility aspects of using public transit, as perceived by individuals, respectively. Table 5 shows the covariance and correlation estimates for associations, and regression weights for direct effect relationships among latent variables specified in measurement model-3. In addition to the hypotheses, confirmed in the preceding measurement models, the following pairs of relationships are confirmed in measurement model-3:
 Both measures of pro-public transit attitudes ( i.e. public-transit-attitude-1 and public-transit-attitude-2) are positively correlated;  Pro-public transit attitudes are associated positively with pro-environmental attitudes;  Composite measure of perceived benefits of AVs (i.e. Affective attitude towards AV + perceived-benefits-1+ perceived-benefits-1) correlates positively with pro-public transit attitudes.
 Age and pro-public transit attitude are negatively correlated. From the survey data, we found that, more younger people (i.e. individuals between the ages of 18 and mid30s) than older people agreed to all the response items measuring public transit attitudes. Perceived-benefits-1 <--Education 0.027 0.055 0.012 2.152 0.031 Perceived-benefits-2 <--Age -0.003 -0.066 0.002 -1.865 0.062 Notes: ß = Unstandardized regression estimates; b = standardized regression estimates; SE = standard error; CR = critical ratio; P = p-value; *** P-value < 0.01
Specification of a measurement model based on the conceptual model of AVOwnership adoption behaviour (CM-4)
In the final measurement model (i.e. measurement model-4), we test the pairs of relationships specified in the conceptual model of AV-Ownership adoption behaviour (CM-4). As previously indicated, this model would provide the foundation for studies where the objective is to identify the behavioural determinants of whether or not individuals would prefer to own AVs. In view of this, measurement model-4 maintains all latent variables in measurement model-2, except for the collaborative consumption attitude variable, which we replace with individuals' attitude toward car ownership. Descriptive summary of individual's responses to the items measuring their attitudes towards car ownership/use is presented are presented in Fig 13. In measurement model-4 (see Fig 14, appendix 1) , we confirm the following pairs of relationships among the study variables:  Attitudes towards instrumental benefits of car-ownership (Car-ownership-benefits-1) correlate positively with pro-environmental attitudes;  A pro-technology attitude correlates positively with attitudes towards instrumental benefits of car-ownership;  The perception of the environmental-related impact of car-ownership, including contributing to congestion, noise and air pollution, is negatively associated with proenvironmental attitudes.  Education and car-ownership attitudes are negatively correlated, suggesting that in our sample, highly educated individuals tend not to favour car-ownership and use.  We found no statistically significant relationship between attitude towards carownership and use and perceived benefits of AVs. Table 6 shows the covariance and correlation estimates for associations, and regression weights for direct effect relationships among latent variables specified in measurement model-3 
Validation of the measurement models
The four measurement models are validated, by testing for convergent validity and discriminant validity. Whereas the former tests whether measures of latent variables in each of the four models are in fact related, the latter tests whether the variables that are not supposed to be related are actually unrelated. Table 7 shows the AVE and MSV values across the four measurement models. Across all measurement models, five out of the nine latent variables have AVE values ≥ 0.5. AV values for perceived-benefits-composite is less than the 0.5 threshold. However, each of the three latent variables that load onto this factor, namely affective attitude (AVE = 0.699), perceivedbenefits-1 (AVE = 0.511) and perceived-benefits-2 (AVE = 0.574) have AV values higher than the minimum threshold, showing evidence of convergent validity. AVE values for subjective norm and technology-attitude-negative are also very close to the acceptable threshold of 0.5. In addition, the standardized factor loadings of subjective norm and technology-attitudenegative items across all measurement models are greater than the minimum acceptable value of 0.5 Moreover, comparing MSV values with AVE shows that across all four measurement models, MSV values are less than the AVE values of any two latent variables that are confirmed to be related. Together, the results demonstrate sufficient convergent and discriminant validity in the measurement models. 
Discussion and conclusion
In this paper, we have argued that improving behavioural realism in AV user adoption studies, would be fundamental to a reliable estimation of the diffusion of self-driving vehicles and to the study of their long-term impact on travel behaviours. To this end, we problematized AV user adoption and diffusion as questions requiring a sound conceptual foundation, as well as a robust statistical analysis technique that can allow researchers to represent the interplay among multiple behavioural factors. In order to advance conceptual models addressing different aspects of AV user adoption behaviour, we synthesized the principles of existing theories in social-psychology, social-ecology, and technology and innovation studies.
In practice, the proposed behavioural models of AV user adoption deploy a set of latent variables and their corresponding indicators, which would serve as the behavioural antecedents to understand and predict adoption and diffusion of autonomous vehicles. The models we advance integrate relevant socio-demographic variables, and latent behavioural factors, including perceived benefits and perceived ease of use of AVs, public fears and anxieties regarding AVs, subjective norm, perceived behavioural control, and attitudinal factors covering the environment, technology, collaborative consumption, public transit and car ownership. Using confirmatory factor analysis on the empirical data obtained through an online survey, we have specified four measurement models in which we tested and validated a series of hypothesized relationships among the variables in our conceptual models.
The first model (i.e. measurement model-1), which is intended for studies seeking to identify the behavioural determinants of AV adoption intentions, comprises seven latent variables. These latent variables reflect individuals' perception of the benefits of AVs, the perception of ease of use of AVs, perceived behavioural control, and the role of social environment factors captured through subjective norm and image variables. We also included a proximal attitudinal variable to capture how individuals perceive technological advancement in general, beyond the specific case of autonomous vehicles. At the core of the second, third and fourth measurement models are the aforementioned latent variables and additional variables considered relevant depending on the objective of the research. The second model (i.e. measurement model-2) is intended for use in studies where the objective is to identify the factors that predict whether or not individuals would prefer to use AV-sharing services. In view of this, we included two latent variables that captures individuals' attitude towards collaborative consumption/sharing and the environment. The third model (i.e. measurement models-3) would be deployed in studies where the objective is to predict whether or not members of a given population would prefer to use AV public transport services. To this end, we included in this model, the public's perception of and attitude towards public transit as one of the relevant predictors. The fourth model (i.e. measurement model-4) is intended for application in research where the objective is to identify the behavioural factors underlying individuals' preference for ownership of AVs. In view of this, we integrated attitude towards car-ownership as the additional latent variable. Across the four measurement models, we have demonstrated convergent and discriminant validity for a number of hypothesized relationships among the latent variables. This means that the various hypotheses presented in the four conceptual models (see Fig 3, 4, 5 and 6) are indeed supported by the empirical data. The main findings are discussed as follows:
Relationships among pro-technology attitudes, public fears and anxieties, and perceived benefits and ease of use of self-driving cars
In our conceptual models we hypothesized that public fears and anxieties regarding AVs will covary with attitudes towards technology and perceived benefits of AVs. Results of the confirmatory factor analysis show that public fears and anxieties regarding automated driving correlate positively with pro-technology attitudes in general, and perceived benefits of selfdriving cars in particular. One would expect the reverse given the fact that across the items measuring public fears and anxieties regarding AVs, the majority of our respondents (i.e. 64-71%) indicated that they were actually concerned about AVs interaction with other road users (i.e. cyclists, pedestrians and motorists), as well as the potential failures of the technology.
On the contrary, what we find from the survey data is that the majority of the respondents expect positive benefits from AVs. Indeed, on 13 out of the 16 items constituting perceived benefits of AVs in our measurement models, the responses of more than half the survey participants show that they expect AVs to provide positive benefits. Previous research, conducted mainly in the USA (see e.g. Woldeamanuel and Nguyen, 2018; Bansal et al., 2016; Bansal and Kockelman, 2017; Hardman et al., 2018) show similar high perceptions of AV usefulness among participants. Furthermore, more than 80% of our respondents indicated that technological advancements in general would bring positive benefits to society. Taken together, what these findings suggest is that although genuine fears exist in the population regarding the safety and security risks of automating driving, the overall outlook of our respondents with respect to technological advancement and its benefits in the form of AV, remains positive.
Moreover, we hypothesized that individuals' attitude towards the environment and attitude towards collaborative consumption will covary and that these latent attitudinal variables will also vary in correlation with attitudes towards technology. We also posited that environmental attitudes will covary with attitude towards public transport and car ownership.
Results of the statistical modelling show that environmental attitudes, collaborative consumption attitudes and technology attitudes correlate positively with each other. Previous studies have found that in certain contexts, environmental sustainability motivations underpin participation in access-based/ collaborative consumption schemes (see e.g. Hamari et al., 2016; Mont, 2004; Gansky, 2010) . Also, the evidence suggests that people tend to agree that technological progress would contribute to achieving environmental sustainability imperatives (Milfont and Duckitt, 2010) , hence the strong positive relationship between individuals' attitude towards the environment and technology. We also find a positive association between attitude towards the environment and attitude towards public transit, while the latent variable comprising indicator items used to measure our respondents perception of the environmental impacts of car ownership (i.e. car-ownership attitude-2) correlates negatively with pro-environmental attitudes. This implies that our respondents associate public transit use with being environmentally friendly.
Relationships among perceived benefits of AVs and general attitudes towards technology, the environment, collaborative consumption and different transport modes
We also postulated in our second conceptual model (CM-2) that attitude towards technology, the environment and collaborative consumption will each covary with perceived benefits of AVs. In CM-3, we posited an association between perceived benefits of AVs and attitude towards public transit use. Results of the confirmatory factor analysis show that our composite measure of perceived benefits of AVs (i.e. perceived-benefits-composite), which is made up of affective attitude towards AVs, expected instrumental utility of commuting in an AV and the benefits of being able to conduct activities on-board an AV, correlate positively with pro-environmental and pro-technology attitudes across all the validated measurement models. On the contrary, negative attitude towards technology correlates negatively with both pro-technology attitudes and perceived benefits of AVs. Given that automated driving technologies are essentially new, it is reasonable that overall perception of their utility increases among people with positive attitude towards technology. The negative relationship between AV benefits and negative attitude towards technology on the other hand, could reflect individuals' suspicion about technological fixes in general, and the potential loss of employment that automated technologies such as self-driving cars could bring. Indeed, our latent variable measuring negative attitudes towards technology captured these sentiments from the study participants. In the second and third measurement models respectively, we found that perceived benefits of AVs correlate positively with pro-collaborative consumption attitudes and favourable attitudes towards public transit. The reasons for the directions of effect among the aforementioned variables are given as follows: The set of indicator items we used to measure individuals' perception of the benefits of AVs, capture a wide range of potential outcomes which reflect (a) the utilitarian benefits currently provided by different modes of conventional motorized transport (i.e. public transit and car-sharing), and (b) the environmental consequences of motorized transport (i.e. congestion, air and noise pollution). Thus, the positive association between expected AV benefits and pro-public transit attitudes could stem from the fact that from the survey, a significant proportion of our respondents expect both environmental and commuting benefits from AVs, some of which are currently being met by conventional public transit. In a similar vein, the positive association between environmental attitudes and perceived benefits of AVs is expected because as the results of the survey show, the majority of our respondents hold pro-environmental attitudes and also agree that the benefits of AVs would include some environmental benefits such as reducing traffic congestion and environmental pollution.
The impact of perceived control and of the external social environment
Consistent with insights from the original TAM models integrated in our conceptual models of AV user adoption behaviour, we have demonstrated that across all the four measurement models, subjective norm directly predicts first-level latent measures of perceived benefits of AVs (i.e. perceived-benefits-1 and perceived-benefits-2), as well as perceived ease of use of automated driving technology. Indeed, the results show that a significant number of the respondents agreed that AVs will become the dominant mode of transportation in the future (56%) and that seeing significant others (i.e. friend and colleagues) use self-driving vehicles will push them to do same (37%)-see Table 2 . Subjective norm predicting perceived benefits of AVs as hypothesized in our conceptual models, therefore, implies that our respondents associate the potential positive benefits of self-driving cars, with acceptance of AVs by other members of the population. In addition to the above, we hypothesized that subjective norm would predict individuals' perception of ease of use of AVs. Results of our measurement models confirm this hypothesis, suggesting that perception of the ease of use of AVs would increase in the population as AVs become the norm, and individuals see significant others, including relatives and colleagues use self-driving vehicles.
Furthermore, we hypothesized in our conceptual models that subjective norm and perceived behavioural control variables are related. We test this hypothesis in our measurement models and find that subjective norm and perceived behavioural control are positively correlated. What this finding suggests is that while the majority of our respondents (73%) believe that they have control over whether or not they use self-driving cars, they also acknowledge that seeing significant others such as friends, relatives and colleagues use AVs would have positive influence on their own adoption decisions. The findings of the survey further show that only a few of our respondents agreed that they would gain respect and recognition among their friends and colleagues (15%) and/or in their communities (17%) by using AVs. Yet, results of the confirmatory factor analysis in our measurement models indicate that image and subjective norm variables are positively correlated. This suggests that among the few individuals who believe that using AVs would confer recognition and reputation, the two variables measuring social environment effect in our models (i.e. subjective norm and image) appear to positively reinforce each other. Another finding from our study is that perceived behavioural control with respect to AV adoption and use correlates positively with protechnology attitudes. According to Ajzen's original TPB, perceived behavioural control partly reflects an individual's belief of confidence in being able to undertake a particular action, which in the context of our study is using AVs. It is therefore reasonable that favourable attitudes towards technology, which implicitly suggests openness to accept and use new technologies, increase with belief of control and confidence in using AVs among our respondents.
The role of socio-demographic factors-education, age and gender
Finally, we show the effects of socio-demographic factors across the four measurement models. The results show that controlling for the other variables, higher level educational attainment correlates positively with pro-technology attitudes, and favourable attitudes towards the environment and collaborative consumption, but negatively with attitude towards car ownership/use. Also, higher educational attainment has a positive predictive effect on our respondents' perception of the potential commuting benefits of AVs (i.e. perceived-benefits-1) and perception of ease of use of AVs. Age has a negative predictive effect on perceived-benefits of AVs (i.e. perceived-benefits-2), suggesting that perception of expected benefits in the form of travel time use in recreational and/or productive activities while traveling in a driverless car decreases among older population. Moreover, gender correlates negatively with the overall perceived benefits of AVs (i.e. perceived-benefitscomposite), public fears and anxiety regarding driverless cars, subjective norm and image. Within the context of our survey data, we found that females are more likely to be sceptical about the benefits of technological advancement to society in general. They are also more likely to agree that AVs could have potential negative safety and security impacts and disagree that AVs would bring about positive benefits such as saving lives, providing comfortable and reliable travel and reducing congestion and travel-related pollution. Also, females are less likely to agree that AVs becoming the norm, seeing significant others use AVs, and the reputational benefits of using AVs would necessarily influence their own adoption decisions.
The empirical, theoretical and methodological contributions of this paper are intended for application in future research on AV user adoption behaviour in different urban contexts. Each of the four measurement models we have advanced contains latent behavioural variables, their corresponding indicator measures and pairs of empirically validated relationships which would be useful in predicting AV interest and adoption intentions, and ownership, sharing and public transport adoption decisions with respect to self-driving vehicles. 
